[Abstract] Xenopus laevis oocytes are a widely used model system for characterization of heterologously expressed secondary active transporters. Historically, researchers have relied on detecting transport activity by measuring accumulation of radiolabeled substrates by scintillation counting or of fluorescently labelled substrates by spectrofluorometric quantification. These techniques are, however, limited to substrates that are available as radiolabeled isotopes or to when the substrate is fluorescent. This prompted us to develop a transport assay where we could in principle detect transport activity for any organic metabolite regardless of its availability as radiolabeled isotope or fluorescence properties.
A transport assay requires the expression of the transport protein in a system capable of folding the protein correctly and localizing it to a membrane across which movement of substrate can be detected.
Due to the minute amounts moved, researchers have typically used radiolabeled substrates for transport assays. By washing oocytes after incubation and scintillation counting of the oocytes interior accumulation of substrate inside the oocyte could be detected. We have previously utilized this method to identify and characterize sucrose and glucose transporters from Arabidopsis thaliana using the Xenopus oocytes system (Nour-Eldin et al., 2006; Norholm et al., 2006) . However, for identification and characterization of plant specialized metabolite transporters, it can be very challenging to generate radiolabeled isotopes of a target substrate. To overcome this challenge we developed a protocol for detecting and quantifying transport of specialized metabolites into X. laevis oocytes by use of LC-MS.
Use of this method has allowed us to expand the inventory of assayable substrates to anything that can be detected and quantified by the LC-MS system applied.
Materials and Reagents
1. Pipette filter tips (e.g., Biotix, catalog numbers: M-0012-9FC, M0020-9FC, M-0300-9FC, M- 2. 24-well Nunc TM cell-culture dish plates are prepared as shown in Figure 1 . The pre-incubation well ( Figure 1B ) is filled with 2 ml Kulori media (pH 5.6, see Recipes). The assay well ( Figure   1C ) is filled with 1 ml Kulori media (pH 5.6) with substrate (for AtGTRs typically between 100 µM and 1 mM glucosinolate to measure uptake in the high-affinity range). 4. Number two sets of 12 microfuge tubes from 1-12. Tubes numbered 1-6 will be used for samples from oocytes expressing the transporter. Tubes numbered 7-12 will be used for the samples from the control oocytes.
Note: Use different colours for the two sets of tubes (e.g., the first set of 12 tubes are labelled with a black marker and the second set is marked with a red marker).
5. To keep track of the assay during the experiment and for laboratory book reporting, we recommend using an assay schematic as shown in Table 1 .
Copyright Jørgensen et al. This article is distributed under the terms of the Creative Commons Attribution License (CC BY 4.0). 3. Standard curve samples are measured by LC-MS in triplicate and an average is calculated (see Table 2 ). We calculate the response factor (RF) between our internal standard with known concentration and our substrate (4MTB in this example) by dividing the slope of the internal standard with the slope of the substrate.
Note: RF values can NOT be transferred between instruments as the response of each analyte depends on instrument settings for source temperature, ionization energy, collision gas, collision
energy and other settings that also can be specific to instruments from different vendors (Crocoll et al., 2016 ).
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The RF value is used to quantify the amount of substrate taken up during our transport assays.
Data analysis
Upon completion of the LC-MS analysis, we calculate the amount of transported substrate into the oocytes. To calculate the number of mol substrate transported per oocyte we multiply the area of the substrate with the amount of internal standard added in the sample and multiplied this with the response factor we calculated in step D4. This value is divided by the area of the internal standard (Equation 2, see Table 3 and Figure 4 for example data). 
